Objective: This cross-sectional study aimed to investigate the characteristics and epidemiology of hyperuricemia in older adults in China and evaluate possible associations between hyperuricemia and sarcopenia.
Hyperuricemia, a chronic elevation of serum uric acid levels, causes deposition of urate crystals and resulting gouty arthritis in some, although not all, individuals. It has been reported to be a risk factor for hypertension, cardiovascular disease, and renal disease, although it is not completely clear whether hyperuricemia itself is a cause or an accompaniment of these conditions. [8] [9] [10] [11] The prevalence of hyperuricemia and gout has increased over time in a number of countries. 12, 13 In the United States, the prevalence was reported to be 21.2% for men and 21.6% for women, 13 and to have increased over a 20-year period, an increase believed to be related to the accompanying increase in the prevalence of obesity and hypertension. 13 In China, the prevalence of hyperuricemia varies widely by age and gender and is reported to be 21.6% in males and 8.6% in females. 14 Uric acid is best known for the tissue damage caused by deposits of crystals or microcrystals of this compound. However, it has potential beneficial and detrimental effects that are unrelated to crystal deposition and could affect the development of sarcopenia. An increase in the prevalence of metabolic syndrome (and therefore of insulin resistance) has been shown to accompany the increased prevalence of hyperuricemia, and this increase might contribute to an increase in sarcopenia. 1 However, the most important physiological property of uric acid is that it is a strong antioxidant 11, 15 and is responsible for about 60% of the antioxidant activity of serum. This antioxidant activity would decrease the development of sarcopenia.
But the intracellular action of uric acid is inflammatory, and increased serum uric acid has been shown to be associated with increased inflammatory markers in serum under some conditions, an association that would increase the development of sarcopenia. 16, 17 Previous studies have reported that increased hyperuricemia both increased 18, 19 and decreased 20 muscle strength as estimated by the handgrip test. One study has associated hyperuricemia with a decrease in skeletal muscle mass. 21 These studies are difficult to compare to each other because they use different cutoff points to define hyperuricemia, the age range of the populations studied varies, and some studies include and some exclude subjects with CKD.
And although clinical observation may reveal that weak patients have poor muscle strength and poor bone mineral density (BMD), patients' physical performance ability may still allow them to carry out daily activities. This suggests that muscle strength, muscle mass, and physical performance, as measurable factors for sarcopenia, may need to be regarded as separate criteria. This study therefore aimed to investigate hyperuricemia among older adults in China and to evaluate possible associations between hyperuricemia and each of 3 components of sarcopenia: muscle mass, muscle strength, and physical performance.
| PATIENTS AND METHODS

| Patients
A total of 899 adult subjects from First Affiliated Hospital of Medicine School, Zhejiang University in Hangzhou, China, during the period from November 2013 to February 2015 were recruited for this study. Most of the subjects were from routine health checkups at the hospital and were not ill. Inclusion criteria were patients aged 60 years and older 19 with or without hyperuricemia (uric acid >7 mg/dL) and availability of complete demographic and clinical data to evaluate hyperuricemia, CKD, and sarcopenia. Subjects younger than age 60 or who were missing data of sex, age, weight, height, uric acid, eGFR, Skeletal Muscle Index (SMI), Short Physical Performance Battery (SPPB), muscle strength, or whole-body total bone mass density (BMD) were excluded. All included patients provided signed informed consent to participate in the study. The Internal Review Board of First Affiliated Hospital of Medicine School, Zhejiang University, reviewed and approved the study protocol.
| Methods
In this cross-sectional study, patients who met the inclusion criteria had received routine blood tests and urinalysis and standardized examinations for bone mineral density (BMD), muscle mass and strength, and physical performance. Muscle mass was measured as SMI, using the method described by the consensus of the diagnosis of sarcopenia in Europe. Strength was measured as handgrip strength. Physical performance was determined by SPPB scores for lower extremity function, as described previously. 22 The SPPB is a simple test to measure lower extremity function using tasks that mimic daily activities. The SPPB examines 3 areas of lower extremity function: static balance, gait speed, and getting in and out of a chair. (Table S1 ). The data of the remaining 378 subjects (231 males and 147 females) with complete demographic and clinical information were analyzed.
| Demographics and characteristics by sex
Men were older and more likely to smoke and drink than women, and of the 4 parameters studied, men had greater muscle mass, grip strength, and bone density than women, but similar physical performance scores (Table 1) . Uric acid, BUN, and creatinine were higher in men than in women. And in the blood, lipid values (cholesterol, HDL, and LDL) and platelets, total protein, and globulin were lower in men.
3.3 | Relationship of the four study parameters with patient demographics and characteristics Table 2 examines relationships between study parameters and patient demographics and characteristics in the total population and in men and women separately.
All 4 study parameters, after adjustment for age, were significantly related to smoking and drinking in the total population, but not, with one exception (drinking and BMD in males), when the population was separated according to sex.
| Muscle mass (SMI)
Both BMI and waist/hip ratio were significantly correlated with muscle mass both in the total population and in the male and female subsets. The significant correlation of creatinine and uric acid with muscle mass seen in the total population was lost when the male and female populations were considered separately. Of the blood values, the significant relationship, in the population as a whole, of platelets, hematocrit, and hemoglobin with muscle mass was lost in women, but retained in men. And a significant relationship between 2 factors related to metabolic syndrome (fasting glucose and HbA1c) and muscle mass was seen in men, but not in women or the total population.
| Handgrip strength
Handgrip strength was not related to either BMI or waist/hip ratio except for a mildly significant relation between BMI and grip strength seen only in the total population and not when the population was divided by sex. Creatinine, BUN, and uric acid lost their correlation with grip strength seen in the total population when the population was divided by sex. And in the blood, all parameters related to grip strength in the total population (platelets, hemoglobin, hematocrit, total protein, cholesterol, HDL, and LDL) also lost any significant relationship to grip strength when the population was divided by sex.
| Physical performance (SPPB)
Physical performance, as described previously, was related to smoking and drinking in the total population. It was also related to hemoglobin in women and triglycerides in both men and women. No other correlations were observed.
| Bone density (BMD)
Bone density in the total population was related to the same parameters as handgrip strength: platelets, hemoglobin, total protein, globulin, cholesterol, and LDL in blood, and creatinine and uric acid in urine. And as expected, bone density was related to urinary calcium and inorganic phosphate, a relationship not seen in any of the 3 components of sarcopenia. When the population was divided by sex, however, these relationships were lost, and the only relationships seen (besides the previously mentioned relationship to BMI) were a relationship to fasting insulin in females and to fasting glucose in males. (Table S2 ). In both men and women, quartile G2 was significantly correlated with lower muscle mass than quartile G4, and in women, quartiles G1, G2, and G3 of uric acid were all significantly correlated with lower bone density than quartile G4.
| Comparison of uric acid quartiles with study parameters
In Table 4 , each of the study parameters was divided into a low (≤ median) and high (>median) group and uric acid levels were again stratified by quartile as in Table 3 . Each uric acid quartile was then compared to G4 (crude model 1), G3 (crude model 2), and G2 (crude model 3) in the proportions of this quartile that were in the low (≤median) group of each of the 4 study parameters. In these comparisons, men and women in quartile G2 had a significantly greater probability of being in the low muscle mass group compared to men and women (respectively) in G4. Men in quartile G2 also had a greater probability of being in the low muscle mass group than men in G3. Men in quartile G2 had a greater probability of being in the lower handgrip strength group than men in G3. Women in the G1, G2, and G3 quartiles had a greater probability of being in the low bone density group than women in G4. No relationship was seen between uric acid levels and physical performance. However, in this comparison, all the "above median" subjects had the top score 12 and large numbers of "≤ median" subjects had the median score, 11 so, because of the lop-sided distribution of the data, analysis by this method did not really address the question of low and high physical performance.
When the relationship between uric acid quartiles and study parameters was adjusted for both age and BMI (Table 5) , no quartile, compared to quartile G4, increased or decreased the odds of higher muscle mass, handgrip, or bone density scores. But females with the lowest uric acid levels (quartile G1) had a significantly higher OR for better physical performance than those in G4 (OR 12.29, 1.95-77.66).
| DISCUSSION
In the study population as a whole, higher uric acid levels were significantly correlated with higher muscle mass, grip strength, and ), ASM = sum of lean value in left arm, right arm, left leg, and right leg. SPPB, Short Physical Performance Battery, measurements of physical performance; BMD, bone mineral density. Data are summarized as mean AE SD with range (min, max.) for age, mean AE SD for weight, height, and ratio of waist and hip, median (IQR) for sarcopenia components, laboratory examination, and urine analysis data, and n (%) for categorical data. Bold value indicated significance (P-value <.05) between females and males. bone density, but were not related to physical performance. When the population was divided by sex, the only correlation that was retained was the correlation between increased uric acid levels and increased bone density in women.
A number of previous studies have investigated the relationship between uric acid levels and the 3 components of sarcopenia, 16, [18] [19] [20] [21] but this is the first study to examine the 3 components (muscle mass, muscle strength, and physical performance) and the agerelated parameter, bone mineral density, in the same population. Of the 3 sarcopenia components, the correlation of uric acid to muscle mass was the strongest, for it was retained in some comparisons when uric acid quartiles were examined in both men and women, while the correlation to handgrip was only retained in one quartile comparison in men. And correlation to physical performance was "weakest," for it was not seen. The correlation to the other agerelated parameter, bone density, which has been related to uric acid concentrations in other studies 23 was retained in women in all analyses.
One explanation for the differences in the strength of the relationship between uric acid and the age-related parameters examined here is the differences in the number of confounding factors. Muscle mass is also related to BMI, handgrip is related both BMI and physical conditioning, and physical performance is related to BMI, muscle conditioning, and neurological function. Bone density is related to estrogen level instead of the factors confounding the relationship between uric acid and the 3 sarcopenia parameters, and the relationship between uric acid and bone density in women was the most clearly delineated in this study.
Another reason for the differences in the relationship between uric acid and the 3 components of sarcopenia might be that the criteria for sarcopenia may be divided into 2 parts, the quantitative (muscle mass) and qualitative (strength/performance) features of skeletal muscle, and these differ in underlying mechanisms. This question needs further study.
Because uric acid has both protective and harmful effects, previous studies have investigated whether its helpful, antioxidant effect is overwhelmed by its harmful inflammatory effect at higher concentrations. Beavers et al 21 reported that very high UA levels (>8 mg/ dL) were twice as likely to be associated with lower muscle mass than UA levels <6 mg/dL. Our study, covering a lower range of uric acid levels (<3.25 to >5.82), reported increases in UA to be associated with increased muscle mass throughout.
A similar dichotomy has been reported for handgrip results. Our study reported uric acid levels to be positively associated with increased handgrip strength, as did other studies using a similar concentration range for uric acid. 18, 24 Studies extending into a higher UA range (>6.8 mg/dL) reported grip strength to increase with increasing uric acid levels at lower levels and then to decrease when levels exceeded 6.8 mg/dL. These results lend credence to the hypothesis that uric acid's antioxidant effect predominates at lower levels and its inflammatory effect predominates at higher levels. 
diabetes, 3, 25, 26 conditions that have also been linked to sarcopenia. 27, 28 In our study, waist/hip ratio was significantly related to muscle mass in both men and women, but although men and women had similar mean fasting glucose, fasting insulin, and HbA1c levels, these parameters were significantly linked to muscle mass only in men. Further studies are needed to explore this gender difference.
In clinical practice, it is not entirely understood why we sometimes observe weak older adult patients with poor muscle strength and poor BMD, but their physical performance remains adequate, allowing the performance of daily activities. The results of a study in Taiwan found that skeletal muscle mass was significantly associated with handgrip strength in elderly Taiwanese patients, while the relationship with walking speed as an indicator of physical performance level was not significant. 4 The authors of that study therefore suggested that physical performance should be a separate measurement beyond muscle mass measurements. Our study found physical performance (SPPB scores) decreased with age, but no relationship between uric acid levels and this estimate of physical performance was seen except for an inexplicable OR of 12 (in age-and BMIadjusted data) in females for the link between the lowest uric acid quartile and SPPB score.
The choice of measurement methods is especially important when evaluating sarcopenia. 29 Grip strength was an important indicator in this study, a simple examination that has been used frequently in sarcopenia research. It is a fast, easy, inexpensive test compared with other tests of physical performance, but it is especially relevant in a balanced approach to identifying components of sarcopenia among patients with hyperuricemia. 29 We measured physical performance using the standard composite measure of the SPPB to evaluate balance, gait, strength, and endurance. This test examines the patient's ability to stand with feet together in different positions (side by side, semi-tandem, tandem), time to walk eight feet, and time to get up from a seated position 5 times. Gait speed is an important aspect of sarcopenia
because it can readily demonstrate poor performance of lower extremity function and is considered predictive of the onset of disability in frail older adults. 30 Other studies have used impaired lower extremity function as criterion for sarcopenia diagnosis 31 but have also included smoking, general health status, and lower physical activity.
In the present study, although we measured weight, we did not consider sarcopenic obesity, that is, loss of lean body mass and increase in fat mass. One opinion is that age-related weight loss and muscle mass loss are responsible for muscle weakness in older people due to changes in muscle composition when fatty tissue infiltrates into muscle and lowers its ability to perform. 32 As such, we might suggest that both hyperuricemia and sarcopenia or the muscle strength component of sarcopenia are influenced by fat consumption along with other factors they have in common, including decreased physical activity, low protein intake, changes in hormone levels, and elevated markers of inflammation. Uric acid was stratified into 4 groups, G1 (≤1st quartile), G2 (>1st quartile and ≤median), G3 (>median and ≤3rd quartile), and G4 (>3rd quartile). Independent variable was set as uric acid, and it was subgrouped into 4 groups, G1 (≤1st quartile), G2 (>1st quartile and ≤median), G3 (>median and ≤3rd quartile), and G4 (>3rd quartile). The population was divided by sex.
b
Indicates the numbers of subjects with median value given dependent variables by sex.
c Crude models I, II, and III were performed for the association of dependent variables (≤median) and independent variables utilizing the binary logistic regression model with setting the reference group as uric acid G4, G3, and G2, separately. Results were presented as odds ratio (95% CI). *P < .05 indicates significant association.
with metabolic abnormalities such as insulin resistance as well as reduced strength and physical performance. 33 
| Limitations
This study is not without limitations. First, although our sample size was large, this cross-sectional study used retrospective data, limiting analysis of cause. Second, as noted in the published literature, current criteria for sarcopenia are often defined as being below certain thresholds set against normal ranges obtained from healthy, young populations. This made it difficult in the present study to determine which patients in the older adult population of our dataset were sarcopenic. And we did not have data on the current medications or the sugar, carbohydrate, and fat content in the diet of the subjects.
| CONCLUSION
We were able to determine in a fairly large sample of older adult
Chinese that within the concentration range studied, higher uric acid levels were associated with higher muscle mass, handgrip strength, and bone marrow density, but were not related to physical performance. However, there were distinct differences when these relationships were studied in men and women separately, and the reasons for these differences need to be examined in future studies.
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T A B L E 5 Multiple binary logistic regression analysis of association of sarcopenia components with uric acid adjusting age and BMI in females and males, separately Uric acid was subgrouped into 4 groups, G1 (≤1st quartile), G2 (>1st quartile and ≤median), G3 (>median and ≤3rd quartile), and G4 (>3rd quartile). The population was divided by sex.
Results were presented as odds ratio (95% CI) via binary logistic regression analysis with adjusting age and BMI. *P < .05 indicates significant association.
